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Definitions

L Response )

Measured in terms of

displacements, velocities,
strains and stresses.

[l Definitions
Mechanics of Materials

Prediction of response, life and failure of
structures and components thereof using

simplified theories.

Definitions

L Response ]

F unctions which govern
response can be grouped into:

Kinematic variables messie- displacements
velocities
strains

strain rates

Kinetic variables

Material characteristics

Source variables

| Response
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1.3

: Definitions

| Response

o

F unctions which govern
response can be grouped into:

Kinematic variables mechanical,

environmental
Kinetic variables forces

[mechanical,
Material characteristics aerodynamic,

2 thermal, optical
Source variables ssss=e- _ 1 clectroma a-

netic forces)
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1.2 Relations between external forces and response quantities
1.3 Classification of structural members (according to spatial extent)
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Two-dimensional members

One-dimensional members

Two-dimensional members

One-dimensional members

] Classificsition of Structural Members

[according to Spatial Extent)

Three-dimensional members

| £4=0(¢;)=0(t5) |

| 24=0(t5)>>¢; |

—

| 2,=0(t)) <<ty | r

Py

\\'1:

Clagsification of Structural Members
[ciccording to Spatial Extent)

Three-dimensional members

| £,=0(;)=0(ty) |

| £4=0())>> 25 |

-Ez = 0{31} << 83

Thin-walled beams

| £y 3> fz ::-::-4?1 |

i Relationship Bebween Mechanics of

{ Helsiticonship Between Mechanics of

ficiterials and Other Disciplines

T
ATk AT s L LRGSO
T s MAOLECULAN SCOnC APHEMCAMEHOL CGICAL)
PHTSICAL e,
CIYSTALLOGRLFHY
WA TALLIE ESSARNFRY —IE | ;_EI-‘.'\
HTFMCTLRLL ” *
ERTEEALLIME BOLIG STATE THEGRIES OF Aleefurmirn of e
. pEFGRUATION || Sel i nsslirie
e FavLiE
Lt L STRUCTURAL ||eaTEmass
T urmuiungy || MEcHsss | TESTIVG
P OLTRIEN PHY S ALASTICITY,
ampo [Fonrmes sz
L DLOG

FoUnER STRUCTURAL
COLLET AHECLDGY
O CHIASTRY

MICHARICS OF
LA B [ua

FPOLYPFHASE
oGt 5 SURFACE I
bl i CrREETHY I L LR

S MEGHARS

=]

ficiterials and Other Disciplines

¥ ATCABRS WD
O sy Thiy MOLECULAR
FHTSICAL
WOMMETALLE [ e ST
CATSTALLINE BOLD BEATE
FHTSCS
b TALLIC
FHTSCAL —-I
TALLURGY
BLAKE AND II‘OL‘I"I!HFH‘I".‘I‘.‘!I
FOLYM R
SOLL G
AMORPHOUS ] CHEASSTRY
POLTPHASE
SURFACT
(RETEROGENEOUEY)  crmmesTiy

Mechanics
of the Solid
Continuum

B Structural
i Mechanics

[ Elasticity,
Plasticity,
Rheology)

=]

chl page 7/27
1.4 Relationship between mechanics of materials and other disciplines




Mechanics of
Materials and
Simplified Elasticity
Theories and
Inelasticity

Examples of problems for which mechanics
of materials assumptions are not valid

Deep Beams

mechanics of Materials vs.
Elzaisticity aind Inelasticity

Examples of problems for which mechanics
of materials assumptions are not valid

Shallow Beams

mechanics of Materials vs.
Elzisticity aind Inelasticity

Examples of problems for which mechanics
of materials assumptions are not valid

IR R TP
n

Stresses at frame joints

mechanics of Materials vs.
Elzaisticity aind Inelasticity

Examples of problems for which mechanics
of materials assumptions are not valid

Stress concentrations

+ Near discontinuities
(cutouts and sharp

P o

* Near points of
application of loads
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Mechanics of Materials vs.

Elzisticity aind Inelasticity

Examples of problems for which mechanics
of materials assumptions are not valid

Stress concentrations
H * Near discontinuities

(cutouts and sharp
changes)

* Near points of
application of loads
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1.5 Brief history of the development of mechanics of materials
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1.7

1.8

AAioms of Nature

I | (24 (Jobeyed by all continuou
regar ess of their shape
or material makeup.

* They EIERIRTET rigorously.

* They if ever, observed
to belliFE =8

Axioms of Nature

Conservation of Momentum

1
T

=4 mv), =M= (H) L

= force vectors

= moment vectors

velocity vector

= angular momentum vector

T < =2 T

| Axioms of Nature

T
Branch of mechanics dealing with the
motions of material bodies under the
action of given forces.

Conservation of Mass
dm _ =
oY

m=_Lpdv

p = mass density (mass
per unit volume) P

Axioms of Nature

Thermodynamics

Branch of physics dealing with the
conservation of energy from one form
to another.

Conservation of Energy

Entropy Production

I Planar Beams

External Loading

P,.P. positive if acting in
the positive y and z
directions

Py.P: intensity of external
loadings in the y and
z directions
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1.7 Axioms of nature
1.8 Planar beams and torsion of circular bars
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i Planar Beams

Shearing Force. Vy

I Planar Beams

Internal forces represent resistance to the relative
maotion of two adjacent cross sections.

Normal Force, N
+ive
N positive if tensile
and negative if
CGI'I‘IPI"ESS]\FE N N

=ive

I
| rianarBeams |

Bending Moment, My
positive [+ive] and
negative [-ive] as
shown

y

direction

—nz—s]

+ive
positive (+ive] and 'y i o "
I'IEgaﬁUe {'i'uFE] A5 L ( ) +ive 7 ]
shown i eh
- ~
NG M, e
- | (D~
v, M, M.
= 2l
i orsion of Circular Bars Il orsion of Circular Bars
* Right hand screw rule
used for representing sive
moments. M M
positive (+ive] and
negative [-ive) as
shown
. lﬂ!EﬂSi‘f_’{ of external =lve
twisting moment m M M,
is positive, if its vector
representation is in the
positive coordinate
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Intermediate Articulations
[Hinges)

Axial hinge

lntermediate Articulations
[Hinges)

Axial hinge

Shear hinge

Bending [flexural) hinge

W

Ilntermediate Articulations
[Hinges)

Axial hinge

9|_
C

Elementa? States of Stress
and Strain

1. Axial Loading

SEEEERt e
= Plane cross section remains "'__q-_"‘
plane and normal to the axis '

after deformation.

[
o —

S mnanr
ki -

* Axial strain £ = dw/dz which is the same at all
points of a given cross section.

Elermznta? States of Stress
and Strain

——z—>] |«dz P2

Elernenta? States of Stress
and Strain

1. Axial Loading

ic Relation - E

J;ndA=N

where O = normal |
stress !

ilibrium
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1.9 Intermediate articulations (hinges)
1.10 Elementary States of Stress and Strain

1.10.1



1.10.2

| -'Eiementall?' States of Stress
| and strain

(If TE]émentaﬁv States of Stress
' and|Strain

1. Axial Loading

Constitutive Relation

i;ELid.ﬂ'\ =N

If E is uniform at all points of the cross section, then

E ¢ | dA =N
o B

ar

EcA =N

_Elementa?( States of Stress
and Strain

1. Axial Loading

Constitutive Relation

o=EEt

E = modulus of elasticity in tension or
compression

| EcdA =N
Ja
If E is uniform at all points of the cross section, then

Ee | dA =N

E?-E:lemental'?' States of Stress
' and Strain

1. Axial Loading

Constitutive Relation

Es | dA =N

o
or EchA =N
o= N/A

£= dw = N and EA = extensional stiffness
dz E

| " Elementary States of Stress
] and Strain

2. Pure and Transverse Bending

Pure bending refers to bending moment
only (no axial force, shear force, or
twisting moment)

] 0741w ]

' _-Z_-'Elemerlta?' States of Stress
i and Strain

2. Pure and Transverse Bending

Transverse bending refers to
combination of bending
moment and shearing force

[ JENm
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1.10.2 Pure and transverse bending




| Elementar States of Stress
and Strain

2. Pure and Transverse Bending

Geometry of Deformation

* Plane cross section
before bending
remains plane after
bending and normal
to the center line of
the beam.

A

E'

* The neutral axis
is the x-axis.

S

ll% Iz‘I 1

Bending stress varistion

Haormal strain variation
(profile view) {prafile view)

i Elementary States of Stress
and Strain

Z. Pure and Transverse Bending

metry of D rmation

_ d2U 7 R
K S T > -
dz S i
2 = .
a=y>(rc=—yd—! ﬂri’b;
dz

| Elementar States of Stress
and Strain

2. Pure and Transverse Bending

Static Relation - Equilibrium

J‘GydA=Mx
A

[ Elementary States of Stress
and Strain

2. Pure and Transverse Bending

e Ralan
c=Ec¢
=E
- d%v
My=Elye==~El, —
M dz
X
G:—
lx
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1.10.3

. EI t
I emen g‘r_?r

3. Torsion of Bars with Circular

States of Stress
d Strain

Cross Section

* Plane parallel cross
sections remain
plane and parallel
after deformation.

B

Torsion

¢ (2)

undeformed
plane

2/

I Elementary States of S5tress
and Strain

3. Torsion of Bars with Circular
Cross Section

f /
* Diameters of cross M"é /
sections and s

distances between - §
them do not change. 4&( sl

- EI t
I emen g‘r_?r

States of Stress
d Strain

3. Torsion of Bars with Circular
Cross Section

o
Shearing strain
- do
Ty

animaiion

Elementary States of Stress
and Strain

3. Tarsion of Bars with Circular
Cross Section

Static Relation - Equilibrium

frrdA=Mt
A
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1.10.3 Torsion of bars with circular cross section




I Elementa‘r_?r Stéltes of Stress
rain

3. Torsion of Bars with Circular

Cross Section

Constitutive Relation

THG'}"
d{p _ 2
Mt: Ip—J;r dA

=}
]
=

States of Stress
d Strain

Elementa

4. Relations between External
and Internal Forces

Force Equilibrium
Transverse Forces

p, Az +V, (v +3v)

dV

it
dz Py ‘

|-¢—ﬁz—b—|

1.104

Elementary States of S5tress

and Strain

4. Relations between External
and Internal Forces

Force Equilibrium

Axial Forces
p,Az+AN=0 e

States of S5tress

I Elementar
d/Strain

4. Relations between External
and Internal Forces

Moment E qumbrlum

iy

| . az 'qu . AWy

Bending Moments

]

vy AZ + (M, + AM,) - M, — p

train

I Elementa‘r_?r States of Stress

4. Relations between External
and Internal Forces

Moment Equilibrium

Bending Moments

an, o D

dz " I"_ ""z_"lvf + Ay

Elementary States of S5tress
and Strain

4. Relations between External
and Internal Forces

Moment Equilibrium

Twisting Moments

azm+(mt+amt)—mt= 0

dz —
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1.10.4 Relations between external and internal forces



1.10.5

g

ElPure and Transverse Bending v, n'
2 "' M5 e ANy
d’m, M([)
52 Py R ey b

Elementa’r_?r States of Stress
and Strain

dz pz

N = EAQW

Axial Loading
N ﬂ Bt 277
dz
d

dN _
dw) - _
S{Eady|=—p,

dz

¥

Elementary States of Stress
and Strain

5. Governing Equations

Elementary States of Stress
and Strain

5. Governing Equations

Pure and Transverse Bending vy £
ﬂlll i i
( }

I i | Vs AV

| Elementary States of S5tress
_ and Strain

5. Governing Equations

HPure and Transverse Bending Vy ﬂ'l o
, G
d "J 3 M

_ I"'_'“_“"'l Uy AV
M,=-ElI,

dz?

HPure and Transverse Bending

Elementa’r_?r States of Stress
and Strain

5. Governing Equations
vy ll

Py

Mg e Ay

g (==
E| I_'__u__‘l Vo Ay
| @[, |, |

d22 > {;'Iz2 y

Elementary States of Stress
and Strain

5. Governing Equations

Torsion
dM Mz Mi+ AMy
— L= mp =
dz [e—tz—s|
do
Mi=GIl,— [
t P dz
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1.10 Summary

' Elementa‘r_‘y States of Stress
and Strain

5. Governing Equations

Torsion Slzinaniizey Sizrias of
] My ﬂ i Sirass 2l Sersiin
="
[SUsrsnzisy)
L |e—sz—]

d G|d¢ =_

az\ Paz|

Asiial Pure and
Loading Transverse Bending

| =

Plane cross section before deformation
remains plane after deformation

Torsion

Axial Loading

Basic Assumption

Kinematic iy
Rolotions _ARTENY
Displacement = El':'
Relatians

Static Relations

Constitutive Relaions

undeformed

undeformed
plane

Normal strain variation
{profile view)
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1.10 Summary of elementary states of stress and strain



Strain
Displacement
Relations

Axial Loading

Pure and
Transverse Bending
Strain

Displacement
Relations

Strain
Displacement

Relations

Axial Loading

Static
Relations

Static
Relations

Torsion

Static
Relations
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Canstitutive
Relations

Axial Loading

Canstitutive
Relations

Pure and
Transverse Bending

Constitutive
Relations

_’— Geometric Properties of Plane
Cross Sections

First and Second/Moments:

A= da
A

= area

P
A

Geomet

ric Properties of Plane
Cross Sections

¥
A

|
\
H
I’Y

\/A

- Geometric Properties of Plane
= Cross Sections

s

o) (o
Sy X

Coordinates of Centroid
= Ye| _ 1S,

“x x| AlS,

For Centroidal Axes & , §
9, =5,=0

FirstMoments:

anhimatian
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1.11 Geometric properties of plane cross sections

1.11



Y

Centeroid

x|

Geometric Properties of Plane
Cross Sections

| 2

me 2 | dA x,

by Xy da
A

I Geametric Pro
Cross

BirstMloments:

| = polar second moment
P rngnment of inertia)

=1+,

b
Cross

Radiiiof Gyration:

ections

| Geometric Properties of Plane

erties of Plane

o) [ e
S,_lr X
Coordinates of Centroid
Yel _ 1S
X.| AlS,
For Centroidal Axes X , §
5, = S,. =0

ections

8 l L

2l Al
Iy, Iy are radii of
gyration with

respect to x and
y axes

LA -

Geometric Properties of Plane
Cross Sections

Effectiof; Trans(ation of Gaordinatas

Translation of Coordinates

x
2
I: Ii Fc
ILoy={ 1. Y+ Al X
¥ ¥ c

By xy chc
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Cross

Rotationof Coerdinates:

Geometric Properties of Plane

ections

I cos'n
= =n'

by sini cost

%{1 + cos 21)
- %[1 —cos 20)

%5&1 0

=in‘e — 2sini cos |
o5’ 2sind cosl
—sind cosd  cos’D-sinn| | !
1
§|t —cos20]  —sin2e
1 ;
=1 +cos 20 gin 20
Al ]
l sin 20 cos 20
2

Cross

Geometric Properties of Plane

ections

Jii

@~ [tn20=—2

Iyr are maximum

and minimum
second
moments

s =0

] Mohr's Circle Representation of
Moments and Product of Inertia
¥ >
) lyy > 0

) (1,=1y) <0

¥

] Mohr's Circle Representation of
Moments and Product of Inertia

Mohr's Circle Representation of
Moments and Product of Inertia

1.12

chl page 26/27
1.12 Mohr's circle representation of moments and product of inertia



Mohr's Circle Representation of
Moments and Product of Inertia
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